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(54) Semiconductor wafer and device having columnar electrodes 



(57) A semiconductor wafer (10) provided with 
columnar electrodes (24) which have plated nickel (42), 
palladium (44), and gold (46) films successively formed 
at the top thereof, or have a plated solder film (47) at 
their top. The semiconductor wafer (1 0) can be prefera- 
bly used for producing a chip-sized semiconductor 



device provided with columnar electrodes (24) to which 
an external connection terminal, such as a solder ball 
(50), is to be bonded. Methods of producing the semi- 
conductor wafer (10) and device by use of plating are 
also disclosed. 
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Description 



[0001] The invention relates to a semiconductor 
wafer provided with columnar electrodes used for man- 
ufacturing semiconductor devices having a size which is 5 
approximately the same as a size of a chip sliced from 
the wafer, which are also called chip-sized packages, 
and a method of the production such a semiconductor 
wafer. The invention also related to a semiconductor 
device provided with columnar electrodes and a method 10 
of manufacturing the device. 

[0002] Figs. 1 1 A to 1 1G illustrate a method of pro- 
ducing a semiconductor wafer, provided with columnar 
electrodes, used for manufacturing chip-sized pack- 
ages. Fig. 1 1 A shows a partially enlarged section of a 15 
semiconductor wafer 10, on which electrode terminals 
12 (the drawing shows only one of them) and a passiva- 
tion film 14 are formed. A material, such as polyimide, is 
coated on the electrode terminals 12 and the passiva- 
tion film 1 4, and the coated film is then patterned to form 20 
an insulation layer 16 exposing the electrode terminals 
12 (Fig. 1 1 B). A conductor layer 18 is then formed to 
cover the exposed electrode terminals 12 and the insu- 
lation layer 16, by sputtering (Fig. 11C), which subse- 
quently serves as an electric power supply layer for 25 
plating. A resist material is applied onto the conductor 
layer 18 to form a resist film, which is then patterned to 
form a resist pattern 20 for the formation of a wiring line 
pattern (Fig. 1 1 D). Using the resist pattern 20 as a 
mask, the conductor layer 18 is then electrolytically 30 
plated with copper to form a patterned copper layer 22 
(Fig. 1 1 E). The patterned copper layer 22 is connected, 
at an end, with the electrode terminal 12 through the 
underlying conductive layer 18, and has a pad portion 
23 at the other end, on which a columnar electrode is to 35 
be formed. 

[0003] Subsequently, the resist pattern 20 is 
removed, and a further resist pattern 26 is formed which 
has openings 26a for the formation of a columnar elec- 
trode on the pad portion 23 (Fig. 1 1 F). The film of resist 40 
pattern 26 has a thickness which is slightly larger than a 
height of a columnar electrode which is to be subse- 
quently formed. A columnar electrode 24 is then formed 
in the opening 26a by electrolytically plating the 
exposed pad portion 23 with copper, the formed colum- 45 
nar electrode 24 having a height of the order of 100 
micrometers. The columnar electrode 24 has plated 
films, such as plated nickel and palladium films, on its 
top face, which are not shown in Fig. 1 1 F. The resist pat- 
tern 26 is then removed, and the exposed conductive so 
layer 18 is etched and removed so as to provide a pat- 
terned wiring line 27, which consists of the copper layer 
22 and the underlying conductor layer 18 (Fig. 1 1G). 
[0004] In this way, a semiconductor wafer 10 is 
obtained which has, on its surface, a number of pat- 55 
terned wiring lines 27 which are connected with the 
electrode terminal 1 2 at one end, and has the columnar 
electrode 24 at the other end. 



[0005] Figs. 12A and 12B illustrate a method of 
encapsulating a semiconductor wafer 1 0, having formed 
columnar electrodes 24, by a resin. The semiconductor 
wafer 1 0 is placed on a lower mold 31 , with the face hav- 
ing the columnar electrodes 24 being faced upwardly. A 
resin material for encapsulation 28 is supplied onto the 
wafer 10, and the wafer 10 is then clamped together 
with the resin material 28 between an upper mold 32 
having an encapsulating film 30 attached to its clamping 
face and the lower mold 31, as shown in Fig. 12A. By 
this clamping, molten resin is spread over the electrode- 
formed face of the semiconductor wafer 10 to encapsu- 
late it, as shown in Fig. 1 2B. After the encapsulation, the 
wafer 10 having the encapsulating film 30 attached 
thereto is removed from the molds 31 , 32, and the film 
30 is peeled from the wafer 10. Terminals for mounting 
(not shown), such as solder balls, are subsequently 
bonded to the top faces of columnar electrodes 24, and 
the semiconductor wafer 10 is then cut into individual 
chips to provide chip sized packages. 
[0006] In the above method, the top faces of the 
columnar electrodes 24 are covered during the encap- 
sulation of the semiconductor wafer 10 by the film 30 in 
order to prevent the encapsulating resin 28 from adher- 
ing to the top faces of the columnar electrodes 24. How- 
ever, because of the uneven heights of the columnar 
electrodes 24, for example, the encapsulating resin may 
intrude into the space between the top face of the 
columnar electrode 24 and the encapsulating film 30 
during the encapsulation, and be left on the top face of 
the columnar electrode 24 and adhered thereto. 
[0007] The encapsulating film 30 is peeled from the 
encapsulated semiconductor wafer 10 after the encap- 
sulation in order to remove the resin left on the top face 
of the columnar electrode by adhering the resin to the 
film 30. However, merely by peeling the encapsulating 
film 30 from the encapsulated semiconductor wafer 10, 
the resin left on the top face of the columnar electrode 
24 is not always fully removed. The top face of the 
columnar electrode 24 is a bonding face for a mounting 
terminal, such as a solder ball, to be bonded thereto, 
and the resin adhered to the top face of the columnar 
electrode 24 raises a problem in terms of bonding of the 
columnar electrode 24 to the terminal. For this reason, 
the top face of the columnar electrode 24 is cleaned 
after peeling off the encapsulating film 30 by, for exam- 
ple, blasting. 

[0008] However, the resin left on the top face of the 
columnar electrode 24 cannot always be fully removed 
even by such cleaning, and excessive cleaning to com- 
pletely remove the resin from the top face of the colum- 
nar electrode 24 raises problems such as adverse 
deterioration of the encapsulating resin. 
[0009] As such, in the conventional method of pro- 
ducing a semiconductor wafer provided with columnar 
electrodes, there has been a problem that an encapsu- 
lating resin is left on the top faces of the columnar elec- 
trodes to thereby prevent bonding of the columnar 
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electrodes to mounting terminals. 
[0010] The invention is intended to go at least some 
way towards solving such prior problems, by providing a 
semiconductor wafer having columnar electrodes which 
can be satisfactorily bonded to mounting terminals, and s 
can provide chip sized packages having higher reliabil- 
ity, and a method suitable for the production of such a 
semiconductor wafer. 

[0011] Thus, in one aspect, a semiconductor wafer 
having columnar electrodes according to the invention 
has electrode terminals formed in its surface, an insula- 
tion film formed so as to expose the top of the electrode 
terminals, patterned wiring lines formed on the insula- 
tion film, each of the patterned wiring lines being con- 
nected, at one end, with an electrode terminal, and 
provided with a columnar electrode formed on the other 
end, and an encapsulating layer formed so as to cover 
the electrode-formed face of the wafer while exposing 
the top faces of the columnar electrodes, wherein the 
columnar electrodes are provided with plated nickel or 
nickel alloy, palladium, and gold films successively 
formed at their top. 

[0012] Preferably, the plated palladium film has a 
thickness of 0.2 micrometer or less, and the plated gold 
film has a thickness of 0.001 to 0.1 micrometer. 
[0013] More preferably, the plated palladium film 
has a thickness of 0.05 to 0.1 micrometer, and the 
plated gold film has a thickness of 0.01 to 0.05 microm- 
eter. 

[0014] In another aspect, the semiconductor wafer 
having columnar electrodes as set forth above is pro- 
duced by a method of producing a semiconductor wafer 
of the invention, which comprises forming an insulation 
layer on the surface of a semiconductor wafer on which 
electrode terminals have been formed so as to expose 
the top of the electrode terminals, forming a conductor 
layer on the electrode terminals and the insulation layer, 
forming a resist pattern on the conductor layer, plating 
the conductor layer with copper using the resist pattern 
as a mask and using the conductor layer as an electric 
power supply layer to thereby form a patterned copper 
layer having an end connected with the electrode termi- 
nal through the underlying conductor layer, removing 
the resist pattern, forming a further resist pattern on the 
patterned copper layer and the conductor layer, the fur- 
ther resist pattern having openings for formation of 
columnar electrodes on the other ends of the patterned 
copper layer, forming columnar electrodes of copper on 
the other ends of the copper layer in the openings by 
plating using the conductor layer as an electric power 
supply layer, forming a plated nickel film or plated nickel 
alloy film on the top face of the columnar electrodes, 
forming a plated palladium film and a plated gold film 
successively on the nickel or nickel alloy film, removing 
the further resist pattern, removing the exposed con- 
ductor layer, and encapsulating the electrode terminal- 
formed face of the wafer so as to expose the gold film at 
the top of the columnar electrode. 



[0015] In a further aspect, a semiconductor wafer 
having columnar electrodes according to the invention 
has electrode terminals formed in its surface, an insula- 
tion film formed so as to expose the top of the electrode 
terminals, patterned wiring lines formed on the insula- 
tion film, each of the patterned wiring lines being con- 
nected, at one end, with an electrode terminal, and 
provided with a columnar electrode formed on the other 
end, and an encapsulating layer formed so as to cover 
the electrode-formed face of the wafer while exposing 
the top face of the columnar electrodes, wherein the 
columnar electrodes are provided on their top with a 
plated solder film. 

[0016] Preferably, the plated solder film projects 
over the outer surface of the encapsulating layer, and 
the interface between the plated solder film and the top 
of an underlying film, on which the plated solder film is 
formed, of the columnar electrode is located below the 
outer surface of the encapsulating layer. 
[0017] Preferably, a plated nickel film or plated 
nickel alloy film is formed as a layer underlying the 
plated solder film. 

[0018] Also preferably, a plated palladium film is 
formed as a layer underlying the plated solder film, and 
a plated nickel film or plated nickel alloy film is formed as 
a layer underlying the plated palladium film. 
[0019] Also preferably, a plated gold film is formed 
as a layer underlying the plated solder film, and a plated 
nickel film or plated nickel alloy film is formed as a layer 
underlying the plated gold film. 

[0020] Also preferably, a plated gold film is formed 
as a layer underlying the plated solder film, a plated pal- 
ladium film is formed as a layer underlying the gold film, 
and a plated nickel film or plated nickel alloy film is 
formed as a layer underlying the palladium film. 
[0021 ] In a further aspect, the semiconductor wafer 
having columnar electrodes as set forth above is pro- 
duced by a method of producing a semiconductor wafer 
of the invention, which comprises forming an insulation 
layer on the surface of a semiconductor wafer on which 
electrode terminals have been formed, so as to expose 
the top of the electrode terminals, forming a conductor 
layer on the electrode terminals and the insulation layer, 
forming a resist pattern on the conductor layer, plating 
the conductor layer with copper using the resist pattern 
as a mask and using the conductor layer as an electric 
power supply layer to thereby form a patterned copper 
layer having an end connected with an electrode termi- 
nal through the underlying conductor layer, removing 
the resist pattern, forming a further resist pattern on the 
patterned copper layer and the conductor layer, the fur- 
ther resist pattern having openings for formation of 
columnar electrodes on the other ends of the patterned 
copper layer, forming a portion of copper of a columnar 
electrode on the other end of the copper layer in the 
openings by plating using the conductor layer as an 
electric power supply layer, forming a plated film on the 
top face of the copper portion of the columnar elec- 
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trodes, forming a plated solder film on the top of the 
plated film, removing the further resist pattern, remov- 
ing the exposed conductor layer, and encapsulating the 
electrode terminal-formed face of the wafer so as to 
expose the top of the plated solder film. 5 
[0022] In a still further aspect, the invention pro- 
vides a semiconductor device which has electrode ter- 
minals formed in a surface of a semiconductor 
substrate, such as a substrate separated from a semi- 
conductor wafer on which a number of semiconductor 10 
devices are manufactured together, an insulation film 
formed so as to expose the top of the electrode termi- 
nals, patterned wiring lines formed on the insulation 
film, each of the patterned wiring lines being connected, 
at one end, with an electrode terminal, and having a 15 
columnar electrode formed on the other end, external 
connection terminals bonded to the top of the columnar 
electrodes, and an encapsulating layer formed so as to 
cover the electrode-formed face of the semiconductor 
device while exposing the external connection termi- 20 
nals, wherein the interface between the top of the 
columnar electrode and the external connection termi- 
nal is located below the outer surface of the encapsulat- 
ing layer. 

[0023] The semiconductor device of the invention 25 
can be produced by a method comprising forming an 
insulation layer on the surface of a semiconductor wafer 
on which electrode terminals have been formed, so as 
to expose the tops of the electrode terminals, forming a 
conductor layer on the electrode terminals and the insu- 30 
lation layer, forming a resist pattern on the conductor 
layer, plating the conductor layer with copper using the 
resist pattern as a mask and using the conductor layer 
as an electric power supply layer to thereby form a pat- 
terned copper layer having an end connected with an 35 
electrode terminal through the underlying conductor 
layer, removing the resist pattern, forming a further 
resist pattern on the patterned copper layer and the 
conductor layer, the further resist pattern having open- 
ings for formation of columnar electrodes on the other 40 
ends of the patterned copper layer, forming a portion of 
copper of a columnar electrode on the other end of the 
copper layer in the openings by plating using the con- 
ductor layer as an electric power supply layer, forming a 
plated film on the top faces of the copper portion of the 45 
columnar electrodes, forming a plated solder film on the 
top of the plated film, removing the further resist pattern, 
removing the exposed conductor layer, encapsulating 
the electrode terminal-formed face of the wafer so as to 
expose the top of the plated solder film, to thereby pro- 50 
vide a semiconductor wafer provided with columnar 
electrodes, bonding an external connection terminal to 
the top of the plated solder film of each of the columnar 
electrodes, and cutting the wafer into individual chips. 
[0024] Particular embodiments of the invention will 55 
now be described with reference to the accompanying 
drawings; in which: 



Fig. 1 schematically illustrates an embodiment of 
the semiconductor wafer of the invention; 
Fig. 2 is an enlarged view of part, indicated by A, of 
the semiconductor wafer of Fig. 1 ; 
Figs. 3A to 3D show a method of producing the 
semiconductor wafer illustrated in Figs. 1 and 2; 
Fig. 4 schematically illustrates another embodiment 
of the semiconductor wafer of the invention; 
Fig. 5 is an enlarged view of part, indicated by B, of 
the semiconductor wafer of Fig. 4, illustrating an 
example of the columnar electrode in the invention; 
Fig. 6 shows a columnar electrode provided with an 
external connection terminal in the invention; 
Fig. 7 shows another example of the columnar elec- 
trode in the invention; 

Fig. 8 shows a further example of the columnar 
electrode in the invention; 

Figs. 9A to 9D show a method of producing the 
semiconductor wafer illustrated in Figs. 4 and 5; 
Figs. 10A and 10B are perspective views of a 
columnar electrode used in the semiconductor 
wafer of the invention; 

Figs. 11A to 11G schematically illustrate a method 
of producing a semiconductor wafer provided with 
columnar electrodes; and 

Figs. 12A and 12B schematically show encapsula- 
tion of a semiconductor wafer provided with colum- 
nar electrodes. 

[0025] Referring to Figs. 1 and 2, an embodiment of 
the semiconductor wafer of the invention, which is char- 
acterized by its columnar electrodes, is described. This 
semiconductor wafer has the same constitution as that 
of the prior semiconductor wafer formerly described 
except for the plated films successively formed at the 
top of the columnar electrodes. Accordingly, the follow- 
ing description mainly covers the structure associated 
with the plated films at the top of the columnar elec- 
trode, and members which are the same as those of the 
prior semiconductor wafer formerly illustrated referring 
to Fig. 1 1 are identified by the same reference numbers. 
[0026] As illustrated in Fig. 1, which schematically 
shows the entire semiconductor wafer 10 provided with 
columnar electrodes 24 according to the invention, and 
Fig. 2, which is a partially enlarged view of the portion 
indicated by A in Fig. 1 , the semiconductor wafer 10 of 
the invention comprises a passivation film 1 4 formed on 
the surface of the wafer so as to expose electrode termi- 
nals (not shown) having been formed thereon, an insu- 
lation film 16 formed so as to expose the tops of the 
electrode terminals, patterned wiring lines 27 formed on 
the insulation film 1 6, each of the patterned wiring lines 
27 being connected, at one end, with the electrode ter- 
minal, and provided with a columnar electrode 24 
formed on the other end, and an encapsulating layer 28 
formed so as to cover the electrode-formed face of the 
wafer 10 while exposing the top faces of the columnar 
electrodes 24. As shown, all spaces between adjacent 
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columnar electrodes 24 are filled with the resin of the 
encapsulating layer 28, which encapsulates the elec- 
trode-formed face of the wafer 1 0. 
[0027] The characteristic feature of the semicon- 
ductor wafer 10 of this embodiment consists in the 5 
columnar electrode 24 which has a portion of copper 40 
as a main conductor portion and a plated film portion 41 
located on the copper portion 40 and consisting of a 
plated nickel film (or Ni alloy film) 42 on the top of the 
copper portion 24, a plated palladium film 44 on the w 
nickel film 42, and a plated gold film 46 on the palladium 
film 44. 

[0028] Providing a plated film or films on the top of 
the copper portion 40 of a columnar electrode is con- 
ventional. For example, a columnar electrode provided 15 
with two films of nickel and gold, or two films of nickel 
and palladium, is known. Unlike such a conventional 
columnar electrode provided with two metallic films, the 
columnar electrode in the invention is provided with 
three metallic films of nickel, palladium, and gold. In the 20 
invention, by the columnar electrodes 24 having the 
copper portion 40 and the plated film portion 41 consist- 
ing of the nickel film 42, the palladium film 44, and the 
gold film 46 formed successively on the copper portion 
40, the wafer 1 0 can obtain columnar electrodes which 25 
can be satisfactorily bonded to an external connection 
terminal, such as a solder ball, for mounting the wafer to 
a substrate. 

[0029] Conventional columnar electrodes are pro- 
vided on their top with two metallic films of nickel and 30 
palladium or gold, as referred to above, the metals serv- 
ing as so-called barrier metals. The nickel film is for pre- 
venting diffusion of a solder (a material of external 
connection terminal), and the palladium or gold film is 
for improving wettability of the columnar electrode by 35 
the solder to provide strong bonding of the solder to the 
columnar electrode. In a columnar electrode provided 
with two films of this type, the palladium or gold film 
must have a thickness of 0.1 micrometer or larger (for 
example, 0.1 to 0.15 micrometer for a gold film, and 0.2 40 
micrometer or more for a palladium film) in order to pro- 
vide satisfactory bonding of the solder to the electrode. 
However, palladium as well as gold are costly. Addition- 
ally, palladium has a poor effect on improvement of sol- 
der- wettability, and gold can cause, particularly at a 45 
larger thickness, weaker bonding of a solder to the 
columnar electrode due to formation of Au-Sn alloy dur- 
ing solder-reflowing. 

[0030] In contrast, when the plated film portion 41 
has a three-layer structure of the plated nickel film (or Ni 50 
alloy film) 42, the plated palladium film 44, and the 
plated gold film 46, as in the embodiment of the inven- 
tion described above, the palladium film 44 may have a 
thickness of 0.2 micrometer or less, preferably 0.05 to 
0.1 micrometer, which is approximately half of the thick- 55 
ness of the palladium layer in the case of the plated film 
portion of two-layer structure. In the three-layer struc- 
ture of the invention, the gold film 46 can also have a 



very small thickness of 0.001 to 0.1 micrometer, prefer- 
ably 0.01 to 0.05 micrometer. The reason that the palla- 
dium film 44 of the three-layer structure can have such 
a very smaller thickness is that the wettability of the 
columnar electrode 24 by a solder can be effectively 
improved by the gold film 46 located on the palladium 
film 44 compared with the two-layer structure in which 
only palladium film is used on the nickel film. It should 
also be noted that the total of thicknesses of palladium 
and gold can be smaller than 0.1 micrometer. 
[0031] When a solder ball is bonded, as an external 
connection terminal, to a columnar electrode, materials 
of the plated gold film 46 and the plated palladium film 
44 are both diffused into molten solder to thereby 
strongly bond the solder ball to the plated nickel film (or 
plated Ni alloy film, such as an Ni-Co alloy) 42. Thus, 
the plated gold film 46 and the plated palladium film 44 
contribute to wettability of the nickel film 42 by solder, 
and, when the plated gold film 46 is provided on the 
outer surface of the plated film portion 41, as in the 
embodiment as described above, sufficient solder-wet- 
tability can be obtained even at a smaller thickness of 
the palladium film 44 compared to the case where only 
palladium film 44 is provided on the nickel film 22. In 
addition, a gold film having a thickness as small as that 
of a flash plated film can provide good solderability. 
[0032] By improving solder- wettability using the 
plated palladium film 44 and the plated gold film 46, it 
becomes possible to securely bond an external connec- 
tion terminal, such as a solder ball, to the columnar 
electrode 24 even if the resin 28 is more or less adhered 
to the surface of the plated film provided at the top of the 
columnar electrode 24 during the encapsulation of the 
semiconductor wafer 10. Consequently, it becomes 
unnecessary to excessively clean the plated film portion 
41 formed at the top of the columnar electrode 24 to 
completely remove a resin left the surface of the plated 
film portion 41 after the encapsulation of the semicon- 
ductor wafer 10. 

[0033] Adhesion of the resin 28 to the surface of the 
plated gold film 46 is low and, accordingly, providing the 
surface of the plated film portion 41 with the plated gold 
film 46 makes it easy to peel off the resin left between 
the surface of the plated gold film 46 and an encapsulat- 
ing film by adhering the resin to the encapsulating film 
rather to the gold film 46 when removing the encapsu- 
lating film after the encapsulation of the electrode termi- 
nal-formed side of the semiconductor wafer 10 by, and 
enables the resin 28 to be prevented from remaining on 
the surface of the plated gold film 46. 
[0034] Figs. 3A to 3D illustrate an embodiment of 
the method of producing a semiconductor wafer pro- 
vided with columnar electrodes of the invention. This 
method is similar to conventional methods of producing 
a semiconductor wafer provided with columnar elec- 
trodes except for the formation of the plated film portion 
41 of the columnar electrode 24. Accordingly, Figs. 3A 
to 3D mainly illustrates steps of the formation of the 
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plated film portion 41 . 

[0035] Fig. 3A shows a condition in which a pat- 
terned copper layer 22 is formed on a conductive layer 
1 8 of the electrode terminal-formed face of a semicon- 
ductor wafer 10, the copper layer 22 being electrically 
connected, at one end, with an electrode terminal 12 of 
the wafer 10 through the conductor layer 18, and a 
resist pattern 26 is then formed, the resist pattern 26 
having an opening or hole 26a at the location at which a 
columnar electrode is to be formed at the other end of 
the copper layer 22. 

[0036] After the formation of the resist pattern 26 
having the openings 26a, the exposed other end of the 
copper layer 22 is electrolytically plated with copper to 
form a plated copper portion 40 using the conductor 
layer 1 8 as an electric power supply layer, as shown in 
Fig. 3B. The plated copper portion 40 represents a chief 
conducting portion of a columnar electrode, and is 
formed by depositing or building up the plated copper 
on the exposed portion of the copper layer 22 up to a 
height at which the plated copper approximately fills the 
opening 26a. In general, a columnar electrode has a 
height of about 100 micrometers, and the resist pattern 
26 is accordingly formed to have a thickness of about 
100 micrometers. 

[0037] A plated film portion 41 is then formed by 
plating the top of the plated copper portion successively 
with nickel, palladium, and gold, as shown in Fig. 3C. 
Thus, the plated film portion 41 has a three-layer struc- 
ture of the plated nickel film or plated Ni-Co alloy film 42, 
the plated palladium film 44, and the plated gold film 46. 
For example, the nickel, palladium, and gold films 42, 
44, and 46 have a thickness of about 3 micrometers, 
0.05 micrometer, and 0.01 micrometer, respectively. 
[0038] After the formation of the plated film portion 
41, the resist pattern 26 is removed, and the exposed 
conductor layer 18 is then etched to form patterned wir- 
ing lines 27 with the overlaying copper layer 22, and to 
provide a semiconductor wafer 10 provided with colum- 
nar electrodes 24 having the plated film portion 41 of 
three-layer structure consisting of the plated nickel, pal- 
ladium, and gold films 42, 44, and 46 formed at their top, 
as shown in Fig. 3D. The conductor layer 1 8 has a thick- 
ness of the order of 0.05 micrometer, which is much 
thinner than thicknesses of the columnar electrode 24 
and the patterned copper layer 22, and, consequently, 
only conductor layer 18 can be removed by etching with- 
out covering the columnar electrodes 24 and the copper 
layer 22 with a material such as a resist for protection. 
[0039] For the formation of the plated film portion 41 
in the invention, a conventional process for plating the 
exposed end portion of the copper layer 22 with copper 
may be applied, and it is easy to form a laminate of a 
three-layer structure of the plated nickel, palladium, and 
gold films 42, 44, and 46. 

[0040] After the columnar electrodes 24 are thus 
formed, a product semiconductor wafer is obtained by 
encapsulating the side of semiconductor wafer 10, hav- 



ing formed thereon the columnar electrodes 24, by an 
encapsulating resin in such a manner that the surface of 
the plated gold film at the top end of the columnar elec- 
trode 24 is exposed, as earlier described with reference 
5 to Fig. 12. 

[0041] An external connection terminal for mount- 
ing, such as a solder ball, is then bonded to each of the 
columnar electrodes 24 of the encapsulated semicon- 
ductor wafer 10, and the semiconductor wafer 10 is cut 
w into individual chips, to provide a chip-sized semicon- 
ductor device having columnar electrodes. 
[0042] Referring to Figs. 4 and 5, another embodi- 
ment of the semiconductor wafer of the invention is 
described. This semiconductor wafer, which may also 
15 be used for the manufacture of a chip sized package, 
has the same constitution as that of the prior semicon- 
ductor wafer formerly described except for the structure 
of the columnar electrodes. Accordingly, the following 
description mainly covers the structure of the columnar 
20 electrode, and members which are the same as those of 
the prior semiconductor wafer formerly illustrated refer- 
ring to Fig. 1 1 are identified by the same reference num- 
bers. 

[0043] As earlier illustrated, a semiconductor wafer 
25 10 comprises a passivation film 14 formed on the sur- 
face of the wafer so as to expose electrode terminals 
(not shown) having been formed thereon, an insulation 
film 1 6 formed so as to expose the tops of the electrode 
terminals, patterned wiring lines 27 formed on the insu- 
30 lation film 16, each of the patterned wiring lines 27 
being connected, at one end, with the electrode termi- 
nal, and provided with a columnar electrode 24 formed 
on the other end, and an encapsulating layer 28 formed 
so as to cover the electrode-formed face of the wafer 10 
35 while exposing the top faces of the columnar electrodes 
24. As shown, all spaces between adjacent columnar 
electrodes 24 are filled with the resin of the encapsulat- 
ing layer 28, which encapsulates the electrode-formed 
face of the wafer 10. 
40 [0044] Fig. 5 shows an enlarged partial section of 
the wafer 10 in Fig. 4. The semiconductor wafer 10 of 
this embodiment is characterized in that a base portion 
(a chief conducting portion) of the columnar electrode 
24 is made of plated copper, forming a plated copper 
45 portion 40, and, on the top of the columnar plated cop- 
per portion 40, a plated nickel film or plated Ni alloy film 
42, a plated palladium film 44, and a plated solder film 
47 are successively provided to form a plated film por- 
tion 41 . 

so [0045] As described above, providing a plated film 
or films on the top of the copper portion 40 of a colum- 
nar electrode 24 is conventional. For example, a plated 
nickel film or plated Ni alloy film for preventing diffusion 
of solder is provided on the copper portion 40, and a 
55 plated palladium film for improving the wettability of the 
electrode 24 by a solder is provided on the nickel film, to 
thereby improve, as a whole, bonding between the 
columnar electrode 24 and the solder. 
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[0046] In this embodiment of the invention, the 
plated nickel, palladium, and solder films 42, 44, and 47 
are successively provided on the top of the columnar 
electrode 24. A feature of structure of the plated film 
portion made up of these three films is that the plated 
solder film 47 is provided at the outermost layer to have 
a relatively large thickness, and the interface between 
the plated solder film 47 and the underlying palladium 
film 44 is positioned at a height which is lower than a 
height of the outer surface of the encapsulating resin 
layer 28. In Fig. 5, a difference between the height of the 
interface of the solder film 47 and the palladium film 44 
and the height of the outer surface of the encapsulating 
resin layer 28 is indicated by d. This difference d may be 
determined mainly taking into account a height of the 
encapsulating resin layer 28, and may be about 10 
micrometers for an encapsulation layer 28 of 100 
micrometers thick. 

[0047] As described above, the plated nickel film 42 
aims at preventing diffusion of solder, the plated palla- 
dium film 44 aims at improving solder- wettability, and 
the plated solder film 47 aims at further improving wet- 
tability of the columnar electrode 24 by a solder-based 
mounting terminal, such as a solder ball, to strongly 
bond the terminal to the columnar electrode. 
[0048] Fig. 6 shows a solder ball 50 bonded to a 
columnar electrode 24. By reflowing the solder ball 50, 
the solder material of the plated solder film 47 (Fig. 5) 
and the palladium material of the plated palladium film 
44 (Fig. 5) are diffused into the melted solder of the sol- 
der ball 50, and the solder ball 50 is firmly bonded to the 
plated nickel film 42 of the columnar electrode 24. In this 
way, using a solder ball, a solder bump for an external 
connection terminal is formed. 

[0049] As a result of the interface between the 
plated solder film 46 and the plated palladium film 44 
being located below the outer surface of the resin layer 
28 prior to the solder ball reflowing, the solder ball 50 is 
bonded to the columnar electrode 24, with the bottom of 
the solder ball 50 intruding into the inside of the resin 
layer 28 (below the outer surface of the resin layer 28). 
Thus, the site of bonding of the solder ball 50 to the 
columnar electrode 24 is supported in a depression 
having a side wall of resin layer 28 and a bottom of 
plated nickel film 24 and, consequently, the solder ball 
50 can be firmly supported to have improved endurance 
to an outside force. 

[0050] As described above referring to Fig. 12, a 
semiconductor wafer provided with columnar electrodes 
is clamped by the upper mold 32 and the lower mold 31 
using the encapsulating film 30 for resin-encapsulation. 
During the encapsulation, the encapsulating film 30 is 
compressed, and the top ends of the columnar elec- 
trodes 24 more or less intrude into the encapsulating 
film 30. As a result, the encapsulated semiconductor 
wafer has the columnar electrodes 24 having the top 
ends more or less projecting over the outer surface of 
the resin layer 28. Using the columnar electrode 24 hav- 



ing such projected top end, a mounting terminal, such 
as a solder ball, is bonded to the projected top end of 
the columnar electrode 24 and, if the resin is left on the 
top end of the columnar electrodes 24, an area of con- 
5 tact of the bottom of the mounting terminal with the top 
end of the columnar electrode 24 is reduced, and the 
bonding of the terminal and the electrode can be weak- 
ened. 

[0051] In contrast, when the plated solder film 47 is 
w provided on the top of the columnar electrode 24, as in 
the invention, an encapsulating resin is never left on the 
film underlying the solder film 46 and, consequently, it is 
possible to firmly bond the solder ball 50 to the whole 
surface of the top of the underlying nickel film, as 
15 described above referring to Fig, 6. Furthermore, 
according to the invention, the solder ball 50 is bonded 
to the columnar electrode 24, with the bottom of the sol- 
der ball 50 intruding into the depression surrounded by 
the side wall of resin layer 28 and, consequently, the 
20 bonded solder ball (solder bump) 50 is firmly supported 
by the side wall. By these synergistic effects, the bond- 
ing strength of a mounting terminal to an columnar elec- 
trode can be highly increased. 

[0052] The plated nickel, palladium, and solder 
25 films 42, 44, and 47 may have any appropriate thick- 
ness. For example, the plated nickel, palladium, and sol- 
der films 42, 44, and 47 have thicknesses of 3, 0.1 5, and 
3 micrometers, respectively. 

[0053] The height of the interface between the sol- 
30 der ball 50 and the columnar electrode 24 after the 
bonding of the solder ball 50 to the columnar, electrode 
24, is precisely the interface between the plated nickel 
film 42 and the plated palladium film 44 before the bond- 
ing because the palladium of the plated palladium film 
35 44 is diffused into the melted solder during the bonding 
of the solder ball 50. For the formation of the plated sol- 
der film 47, since the plated palladium film 44 has a 
much smaller thickness than the thickness of the plated 
solder film 47, it is sufficient that the columnar electrode 
40 24 is formed taking care of the height of the bottom of 
the plated solder film 47 or the height of the top of the 
plated nickel film 42. 

[0054] It is possible to substitute a plated gold film 
for the plated palladium film 44 of the plated film portion 

45 41 shown in Fig. 5. In the case of use of the plated gold 
film, it can have a thickness similar to the thickness of 
the plated palladium film 44. Like the plated palladium 
film, the plated gold film can improve the wettability of 
the nickel film 42 by a solder, and can provide satisfac- 

50 tory bonding of a mounting terminal, such as a solder 
ball, to the columnar electrode 24. 
[0055] Fig. 7 illustrates another columnar electrode 
24 of the semiconductor wafer 10 according to the 
invention. In this embodiment, the columnar electrode 

55 24 has a plated nickel film 42, a plated palladium film 
44, a plated gold film 48, and a plated solder film 47 suc- 
cessively formed at the top of the columnar electrode 
24. The height of the interface between the plated sol- 
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der film 47 and the plated gold film 48 is lower than the 
height of the outer surface of the resin layer 28, as in the 
former embodiment. 

[0056] When the plated gold film 48 is provided on 
the plated palladium film 44, as in this embodiment, the 
plated palladium film 44 can have a smaller thickness 
compared to the case where the plated gold film 48 is 
not provided. In this embodiment, the plated nickel, pal- 
ladium, gold, and solder films 42, 44, 48, and 47 have 
thicknesses of 3, 0.05, 0.01, and 3 micrometers, 
respectively, by way of example. Thus, when the plated 
palladium and gold films 44 and 48 are provided, the 
respective films can have a smaller thickness, and sol- 
der-wettability of the columnar electrode 24 can be 
improved, to thereby result in firm bonding of a solder 
ball to the columnar electrode 24. 
[0057] Fig. 8 illustrates a further columnar electrode 
24 of the semiconductor wafer 10 according to the 
invention. In this embodiment, the columnar electrode 
24 has a plated nickel film 42 and a plated solder film 
47. Thus, the plated film portion consists of the two 
plated films 42 and 47 of nickel and solder and, conse- 
quently, this embodiment makes a production process 
of the semiconductor wafer 10 simpler, and reduces 
production cost. 

[0058] Both plated nickel and solder films 42 and 47 
in this embodiment have a thickness of 3 micrometers, 
by way of example. The height of the interface between 
the plated solder film 47 and the plated nickel film 42 is 
lower than the height of the outer surface of the resin 
layer 28, as in the former embodiments. 
[0059] As can be understood from the foregoing, in 
the embodiment of the invention in which the columnar 
electrode has a top film of solder, it is essential that the 
plated film portion provided at the top of the columnar 
electrode comprises at least the nickel and solder films 
42 and 47, with the solder film 47 being located at the 
top of the plated film portion. A film or films of materials 
useful for improving wettability of the columnar elec- 
trode by a solder, such as the palladium or the gold 
referred to above, may be interposed between the nickel 
and solder films 42 and 47. 

[0060] Figs. 9A to 9D illustrate an embodiment of 
the method of producing a semiconductor wafer pro- 
vided with columnar electrodes having a plated film por- 
tion comprising nickel and solder films at the top thereof 
as described above. This method is similar to conven- 
tional methods of producing a semiconductor wafer pro- 
vided with columnar electrodes except for the formation 
of the plated film portion 41 of the columnar electrode 
24. Accordingly, Figs. 9A to 9D mainly illustrates steps 
of the formation of the plated film portion 41 . 
[0061] Fig. 9A shows a condition in which a pat- 
terned copper layer 22 is formed on an insulation layer 
16 of the electrode terminal-formed face of a semicon- 
ductor wafer 10, the copper layer 22 being electrically 
connected, at one end, with an electrode terminal 12 of 
the wafer 10 through a conductor layer 18, and a resist 



pattern 26 is then formed, the resist pattern 26 having 
an opening or hole 26a at the location at which a colum- 
nar electrode is to be formed at the other end of the cop- 
per layer 22. 

5 [0062] After the formation of the resist pattern 26 
having the openings 26a, the exposed other end of the 
copper layer 22 is electrolytically plated with copper to 
form a plated copper portion 40 using the conductor 
layer 18 as an electric power supply layer, as shown in 

w Fig. 9B. The plated copper portion 40 represents a chief 
conducting portion of a columnar electrode, and is 
formed by depositing or building up the plated copper 
on the exposed portion of the copper layer 22 up to a 
height at which the plated copper approximately fills the 

15 opening 26a. In general, a columnar electrode has a 
height of about 100 micrometers, and the resist pattern 
26 is accordingly formed to have a thickness of about 
1 00 micrometers. 

[0063] A plated film portion is then formed by plat- 
20 ing. In the example illustrated herein, a plated nickel film 
(or plated Ni-Co alloy film) 42, a plated palladium film 
44, and a plated solder film 47 are successively formed 
at the top of the plated copper portion 40 to provide the 
plated film portion 41 , as shown in Fig. 9C. The plated 
25 nickel, palladium, and solder films 42, 44, and 47 in this 
example have thicknesses of 3, 0.15, and 3 microme- 
ters, respectively. 

[0064] Although the plated copper portion 40, and 
the plated nickel, palladium, and solder films 42, 44, and 
30 47 may have a thickness discretionally selected, it is 
essential that the thicknesses of these films are deter- 
mined so that the height of the interface between the 
plated solder film 47 and the plated palladium film 44 is 
lower than the height of the outer surface of an encap- 

35 suiating resin layer after the encapsulation of the semi- 
conductor wafer 10 by the resin. 
[0065] After the formation of the plated film portion 
41, the resist pattern 26 is removed, and the exposed 
conductor layer 18 is then etched to form patterned wir- 

40 ing lines 27 with the overlaying copper layer 22, and to 
provide a semiconductor wafer 10 provided with colum- 
nar electrodes 24 having the plated film portion 41 of 
three-layer structure consisting of the successive plated 
nickel, palladium, and solder films 42, 44, and 47, as 

45 shown in Fig. 9D. The conductor layer 18 has a thick- 
ness of the order of 0.05 micrometer, which is very thin- 
ner than thicknesses of the columnar electrode 24 and 
the patterned wiring line 27, and, consequently, only 
conductor layer 18 can be removed by etching without 

50 covering the columnar electrodes 24 and the wiring 
lines 27 by a material such as a resist for protection. 
[0066] The semiconductor wafer 1 0 thus obtained is 
then encapsulated on its columnar electrode-formed 
face by a resin in such a manner that the top faces of the 

55 plated solder films 47 of the columnar electrodes 24 are 
exposed, to produce a semiconductor wafer provided 
with columnar electrodes as shown in Fig. 4. 
[0067] A conventional method for producing a sem- 
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iconductor wafer provided with columnar electrodes can 
be applied to the method as described above with minor 
modification. 

[0068] For the formation of plated nickel film 42 in 
the invention, metal nickel or an alloy of nickel, such as 5 
an Ni-Co alloy optionally containing P, S or the like, can 
be used. 

[0069] For the formation of plated solder film 47, 
either a lead-containing solder, such as an Sn-Pb sol- 
der, or a lead-free solder, such as an Sn-Ag solder, may w 
be used. 

[0070] An external connection terminal for mount- 
ing, such as a solder ball, is then bonded to each of the 
columnar electrodes 24 of the encapsulated semicon- 
ductor wafer 10, and the semiconductor wafer 10 is cut is 
into individual chips, to provide a chip-sized semicon- 
ductor device having columnar electrodes of the inven- 
tion. Bonding of external connection terminals as well 
as cutting of semiconductor wafer are well known to per- 
sons with ordinary skill in the art, and are not necessary 20 
to be further described herein. 

[0071] In the invention, although the electrode to 
which an external connection terminal is to be bonded is 
called columnar electrode, the electrode may have any 
cross section. In general, an electrode bonded to an 25 
external connection terminal, such as a solder ball, has 
a circular cross section, as seen in Fig. 10B, which 
shows an enlarged perspective view of a columnar elec- 
trode 24 formed to stand up from a pad 27a at an end of 
a patterned wiring line 27. The side of a semiconductor 30 
wafer on which columnar electrodes 24 are located is 
encapsulated by a resin, and the resin fills the space 
between adjacent columnar electrodes 24, as shown in 
Figs. 1 and 2. However, since, as a rule, adhesion of a 
resin to a metal cannot be said to be satisfactory, the 35 
interface between the side wall of the columnar elec- 
trode 24 and the resin layer 28 can be penetrated by a 
material used to bond an external connection terminal 
to the columnar electrode 24, such as a solder material, 
or can absorb moisture. As a result, there have been a 40 
problem that reliability of bonding of an eternal connec- 
tion terminal to a columnar electrode is lowered. 
[0072] Fig. 10A shows a configuration of a colum- 
nar electrode 24 free from such problems, which repre- 
sents an example of a columnar electrode having a non- 45 
circular cross section, or a side wall of uneven face. 
Thus, by use of the columnar electrode 24 having the 
uneven side wall, a contacting-area of the side wall of 
the columnar electrode 24 with the resin layer 28 is 
increased, and anchoring effect of the side wall of the so 
columnar electrode 24 with the resin layer 28 is 
improved, to thereby enhance adhesion of the side wall 
of the columnar electrode 24 to the resin layer 28. 
[0073] The columnar electrode 24 has a side con- 
figuration defined by the shape of the opening 26a of 55 
the resist pattern 26, as shown in Fig. 3, and, accord- 
ingly, by forming the resist pattern 26 having openings 
26a of appropriate shape, columnar electrodes 24 hav- 



ing an uneven side wall configuration can be easily 
obtained. It is also easy to form a resist pattern having 
openings of any shape. 

[0074] To further enhance adhesion of the colum- 
nar electrode 24 to the resin layer 28, it is also useful to 
roughen the side of the columnar electrode 24 by a 
technique, such as plasma ashing, after the formation of 
the columnar electrode 24 and the removal of the resist 
layer 26. 

[0075] As described, the invention provides a semi- 
conductor wafer provided with columnar electrodes hav- 
ing improved solder-wettability, which enable an 
external terminal, such as a solder ball, to be firmly 
bonded thereto, and also provides a chip-sized semi- 
conductor device having higher reliability. 

Claims 

1 . A semiconductor wafer having columnar electrodes 
and electrode terminals formed in its surface, an 
insulation film formed so as to expose the top of the 
electrode terminals, patterned wiring lines formed 
on the insulation film, each of the patterned wiring 
lines being connected, at one end, with an elec- 
trode terminal, and provided with a columnar elec- 
trode formed on the other end, and an 
encapsulating layer formed so as to cover the elec- 
trode-formed face of the wafer while exposing the 
top faces of the columnar electrodes, wherein the 
columnar electrodes are provided with plated nickel 
or Ni alloy, palladium, and gold films successively 
formed at their top. 

2. The semiconductor wafer of claim 1 , wherein the 
plated palladium film has a thickness of 0.2 microm- 
eter or less, and the plated gold film has a thickness 
of 0.001 to 0.1 micrometer. 

3. The semiconductor wafer of claim 1 , wherein the 
plated palladium film has a thickness of 0.05 to 0.1 
micrometer, and the plated gold film has a thick- 
ness of 0.01 to 0.05 micrometer. 

4. A method of producing a semiconductor wafer hav- 
ing columnar electrodes and electrode terminals 
formed in its surface, an insulation film formed so as 
to expose the top of the electrode terminals, pat- 
terned wiring lines formed on the insulation film, 
each of the patterned wiring lines being connected, 
at one end, with an electrode terminal, and pro- 
vided with a columnar electrode formed on the 
other end, and an encapsulating layer formed so as 
to cover the electrode-formed face of the wafer 
while exposing the top faces of the columnar elec- 
trodes, the columnar electrodes being provided 
with plated nickel, palladium, and gold films succes- 
sively formed at their top, the method comprising: 
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forming an insulation layer on the surface of a 
semiconductor wafer on which electrode termi- 
nals have been formed, so as to expose the top 
of the electrode terminals, 

forming a conductor layer on the electrode ter- 5 
minals and the insulation layer, 
forming a resist pattern on the conductor layer, 
plating the conductor layer with copper using 
the resist pattern as a mask and using the con- 
ductor layer as an electric power supply layer to 10 
thereby form a patterned copper layer having 
an end connected with the electrode terminal 
through the underlying conductor layer, 
removing the resist pattern, 

forming a further resist pattern on the pat- 15 
terned copper layer and the conductor layer, 
the further resist pattern having openings for 
formation of columnar electrodes on the other 
ends of the patterned copper layer, 
forming columnar electrodes of copper on the 20 
other ends of the copper layer in the openings 
by plating using the conductor layer as an elec- 
tric power supply layer, 

forming a plated nickel film or plated nickel alloy 
film on the top face of the columnar electrodes, 25 
forming a plated palladium film and a plated 
gold film successively on the nickel or nickel 
alloy film, 

removing the further resist pattern, 
removing the exposed conductor layer, and 30 
encapsulating the electrode terminal-formed 
face of the wafer so as to expose the gold film 
at the top of the columnar electrode. 

A semiconductor wafer having columnar electrodes 35 
and electrode terminals formed in its surface, an 
insulation film formed so as to expose the top of the 
electrode terminals, patterned wiring lines formed 
on the insulation film, each of the patterned wiring 
lines being connected, at one end, with an elec- 40 
trode terminal, and provided with a columnar elec- 
trode formed on the other end, and an 
encapsulating layer formed so as to cover the elec- 
trode-formed face of the wafer while exposing the 
top faces of the columnar electrodes, wherein the 45 
columnar electrodes are provided at their top with a 
plated solder film. 

The semiconductor wafer of claim 5, wherein the 
plated solder film projects over the outer surface of so 
the encapsulating layer, and the interface between 
the plated solder film and the top of an underlying 
film, on which the plated solder film is formed, of the 
columnar electrode is located below the outer sur- 
face of the encapsulating layer. 55 

The semiconductor wafer of claim 5, wherein a 
plated nickel film or plated nickel alloy film is formed 



as a layer underlying the plated solder film. 

8. The semiconductor wafer of claim 6, wherein a 
plated nickel film or plated nickel alloy film is formed 
as the underlying film. 

9. The semiconductor wafer of claim 5, wherein a 
plated palladium film is formed as a layer underly- 
ing the plated solder film, and a plated nickel film or 
plated nickel alloy film is formed as a layer underly- 
ing the plated palladium film. 

10. The semiconductor wafer of claim 6, wherein a 
plated palladium film is formed as the underlying 
film, and a plated nickel film or plated nickel alloy 
film is formed as a layer underlying the plated palla- 
dium film. 

11. The semiconductor wafer of claim 5, wherein a 
plated gold film is formed as a layer underlying the 
plated solder film, and a plated nickel film or plated 
nickel alloy film is formed as a layer underlying the 
plated gold film. 

12. The semiconductor wafer of claim 6, wherein a 
plated gold film is formed as the underlying film, 
and a plated nickel film or plated nickel alloy film is 
formed as a layer underlying the plated gold film. 

13. The semiconductor wafer of claim 5, wherein a 
plated gold film is formed as a layer underlying the 
plated solder film, a plated palladium film is formed 
as a layer underlying the gold film, and a plated 
nickel film or plated nickel alloy film is formed as a 
layer underlying the palladium film. 

14. The semiconductor wafer of claim 6, wherein a 
plated gold film is formed as the underlying film, a 
plated palladium film is formed as a layer underly- 
ing the gold film, and a plated nickel film or plated 
nickel alloy film is formed as a layer underlying the 
palladium film. 

15. A method of producing a semiconductor wafer hav- 
ing columnar electrodes and electrode terminals 
formed in its surface, an insulation film formed so as 
to expose the top of the electrode terminals, pat- 
terned wiring lines formed on the insulation film, 
each of the patterned wiring lines being connected, 
at one end, with an electrode terminal, and pro- 
vided with a columnar electrode formed on the 
other end, and an encapsulating layer formed so as 
to cover the electrode-formed face of the wafer 
while exposing the top faces of the columnar elec- 
trodes, the columnar electrodes being provided at 
their top with a plated solder film, the process com- 
prising: 
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forming an insulation layer on the surface of a 
semiconductor wafer on which electrode termi- 
nals have been formed, so as to expose the 
tops of the electrode terminals, 
forming a conductor layer on the electrode ter- 
minals and the insulation layer, 
forming a resist pattern on the conductor layer, 
plating the conductor layer with copper using 
the resist pattern as a mask and using the con- 
ductor layer as an electric power supply layer to 
thereby form a patterned copper layer having 
an end connected with the electrode terminal 
through the underlying conductor layer, 
removing the resist pattern, 
forming a further resist pattern on the pat- 
terned copper layer and the conductor layer, 
the further resist pattern having openings for 
formation of columnar electrodes on the other 
ends of the patterned copper layer, 
forming a portion of copper of an columnar 
electrode on the other end of the copper layer 
in the openings by plating using the conductor 
layer as an electric power supply layer, 
forming a plated film on the top face of the cop- 
per portion of the columnar electrodes, 
forming a plated solder film on the top of the 
plated film, 

removing the further resist pattern, 
removing the exposed conductor layer, and 
encapsulating the electrode terminal-formed 
face of the wafer so as to expose the top of the 
plated solder film. 

16. A semiconductor device having electrode terminals 
formed in a surface of a semiconductor substrate, 
an insulation film formed so as to expose the top of 
the electrode terminals, patterned wiring lines 
formed on the insulation film, each of the patterned 
wiring lines being connected, at one end, with an 
electrode terminal, and having a columnar elec- 
trode formed on the other end, external connection 
terminals bonded to the top of the columnar elec- 
trodes, and an encapsulating layer formed so as to 
cover the electrode-formed face of the semiconduc- 
tor device while exposing the external connection 
terminals, wherein the interface between the top of 
the columnar electrodes and the external connec- 
tion terminals is located below the outer surface of 
the encapsulating layer. 

17. A method of producing a semiconductor device 
having electrode terminals formed in a surface of a 
semiconductor substrate, an insulation film formed 
so as to expose the top of the electrode terminals, 
patterned wiring lines formed on the insulation film, 
each of the patterned wiring lines being connected, 
at one end, with an electrode terminal, and pro- 
vided with a columnar electrode formed on the 



other end, external connection terminals bonded to 
the top of the columnar electrodes, and an encap- 
sulating layer formed so as to cover the electrode- 
formed face of the semiconductor device while 
exposing the external connection terminals, the 
interface between the top of the columnar elec- 
trodes and the external connection terminals being 
located below the outer surface of the encapsulat- 
ing layer, the method comprising: 

forming an insulation layer on the surface of a 
semiconductor wafer on which electrode termi- 
nals have been formed, so as to expose the 
tops of the electrode terminals, 
forming a conductor layer on the electrode ter- 
minals and the insulation layer, 
forming a resist pattern on the conductor layer, 
plating the conductor layer with copper using 
the resist pattern as a mask and using the con- 
ductor layer as an electric power supply layer to 
thereby form a patterned copper layer having 
an end connected with the electrode terminal 
through the underlying conductor layer, 
removing the resist pattern, 
forming a further resist pattern on the pat- 
terned copper layer and the conductor layer, 
the further resist pattern having openings for 
formation of columnar electrodes on the other 
ends of the patterned copper layer, 
forming a portion of copper of a columnar elec- 
trode on the other end of the copper layer in the 
openings by plating using the conductor layer 
as an electric power supply layer, 
forming a plated film on the top faces of the 
copper portion of the columnar electrodes, 
forming a plated solder film on the top of the 
plated film, 

removing the further resist pattern, 
removing the exposed conductor layer, 
encapsulating the electrode terminal-formed 
face of the wafer so as to expose the top of the 
plated solder film, to thereby provide a semi- 
conductor wafer provided with columnar elec- 
trodes, 

bonding an external connection terminal to the 
top of the plated solder film of each of the 
columnar electrodes, and 
cutting the wafer into individual chips. 

18. The semiconductor device of claim 16, wherein the 
external connection terminal consists of a solder 
bump. 

19. The method of claim 17, wherein the external con- 
nection terminal is formed by bonding a solder ball 
to the top of the plated solder film, and heating the 
solder ball to form a solder bump. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



EP 1 024 531 A2 



Fig.1 




10 



Fig.2 




16 U 10 



12 



EP 1 024 531 A2 



F i g.3A 




F i g.3B 




■18 



13 



EP 1 024 531 A2 



F i g.3C 




F i g.3D 



^1 




10 



EP 1 024 531 A2 



F i qA 




15 



EP 1 024 531 A2 




Fig.8 




16 



EP 1 024 531 A2 



Fig.9A 



26 22 26a 




17 



EP 1 024 531 A2 



F i g.9C 




12 




Fig.9D 



2L 



LI 

I 



V > S S V S S S % \ V 




10 



18 



EP 1 024 531 A2 



Fig.lOA 



2L 




27a 



Fig.lOB 



21 




27a 



19 



EP 1 024 531 A2 





Fi g.11C 

12 18 16 





Fig.11D 



20 






20 



EP 1 024 531 A2 



F i g. 1 1E 

12 22 23 20 

r ^l \ L r^7~ 



-18 




Fi g.11G 




12 
} 



I j | j j ft ft ft^fs 1^ 



2L 

i 



21 



EP 1 024 531 A2 



Fig.12A 




22 



(19). 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1 024 531 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

28.11.2001 Bulletin 2001/48 

(43) Date of publication A2: 

02.08.2000 Bulletin 2000/31 

(21) Application number: 00300613.7 

(22) Date of filing: 27.01.2000 



(51) Intci7: H01L 23/485, H01L 21/60 



(84) Designated Contracting States: 


• Kobayashi, Tsuyoshi, 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


c/o Shinko Elec. Ind. Co. Ltd 


MC NL PT SE 


Nagano-shi, Nagano 380-0921 (JP) 


Designated Extension States: 


• Wakabayashi, Shinichi, 


ALLTLVMKROSI 


c/o Shinko Elec. Ind Co. Ltd 


(30) Priority: 27.01.1999 JP 1822999 


Nagano-shi, Nagano 380-0921 (JP) 




27.01.1999 JP 1823799 


(74) Representative: Rackham, Stephen Neil 




GILL JENNINGS & EVERY, 


(71) Applicant: SHINKO ELECTRIC INDUSTRIES CO. 


Broadgate House, 


LTD. 


7 Eldon Street 


Nagano-shi, Nagano 380-0921 (JP) 


London EC2M 7LH (GB) 


(72) Inventors: 




• lhara, Yoshihiro, c/o Shinko Electric Ind. Co. Ltd 




Nagano-shi, Nagano 380-0921 (JP) 





(54) Semiconductor wafer and device having columnar electrodes 



(57) A semiconductor wafer (10) provided with co- 
lumnar electrodes (24) which have plated nickel (42), 
palladium (44), and gold (46) films successively formed 
at the top thereof, or have a plated solder film (47) at 
their top. The semiconductor wafer (10) can be prefer- 



ably used for producing a chip-sized semiconductor de- 
vice provided with columnar electrodes (24) to which an 
external connection terminal, such as a solder ball (50), 
is to be bonded. Methods of producing the semiconduc- 
tor wafer (10) and device by use of plating are also dis- 
closed. 



CO 
< 

CO 

in 

CM 



Fig.3D 




Q. 
LU 



Printed by Jouve. 75001 PARIS (FR) 



THIS PAGE BLANK (usptoj 



EP 1 024 531 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 30 0613 



This annex lists the patent fam&y members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office Is in no way liable for these particulars which are merely given tor the purpose of Information. 

' 04-10-2001 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 



DE 19741436 



17-12-1998 DE 



19741436 Al 



EP 1011141 



21-06-2000 



JP 
EP 
US 



2000183094 A 
1011141 A2 
6198169 Bl 



EP 0853337 



15-07-1998 



JP 
JP 
JP 
JP 
EP 
CN 
WO 
JP 
US 



A 
B2 
A 
A 



10125705 
3137322 
10079362 
11026642 
0853337 Al 
1198839 A 
9802919 Al 
2000294578 A 
2001003049 Al 



I 

g 

uj For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



17-12-1998 



30-06-2000 
21-06-2000 
06-03-2001 



15-05- 

19- 02- 
24-03- 
29-01- 
15-07- 
11-11- 
22-01- 

20- 10- 
07-06- 



1998 
2001 
1998 
1999 
1998 
1998 
1998 
2000 
2001 



3 



THIS PAGE BLANK (uspto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□'FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 




id lines or marks on original document 
□Preferences) or exhibit(S) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK «jspto> 



